fabric and which becomes lined on the lumen surface with a layer of cells indistinguishable from intima. Orion fabric possesses little natural elasticity and the tubes kink easily if subjected to bending strains. Orlon prostheses placed across flexion creases became thrombosed for this reason. It is considered that the best application of this material is in replacement of the terminal aorta and its immediate branches.
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Orlon tubes fashioned on a bifurcation pattern were used to replace the terminal aorta in two patients with aneurysms in this situation. One patient died from renal failure after operation and the other remains well and symptom-free eighteen months post-operatively. In two further patients thrombosed common iliac arteries were replaced by orlon prostheses with good results.
A full account of this investigation was published in the British Medical Journal, 1955 Journal, , i, 1406 Polyvinyl Alcohol Sponge as an Arterial Substitute
St. Mary's Hospital, London ALTHOUGH arterial homografts have demonstrated well the indications for, and limitations of, arterial replacement, they themselves have several disadvantages which have stimulated a search for artificial substitutes. The supply of homografts is limited and the methods of storage involve considerable initial expense and meticulous supervision. This paper is a preliminary communication of the early results of the use of polyvinyl alcohol sponge by the Surgical Unit at St. Mary's Hospital in comparison with plastic cloth replacements, which we have been using for the past year.
The properties required of a plastic to be used anywhere in the body have been well defined by Scales (1953) , but there are additional properties required of vascular replacement material. We would list these as follows:
(1) High tensile strength in wet state.
(2) Durability: (a) Resistance to chemical action, e.g. hydrolysis.
(b) Resistance to mechanical action, e.g. work-hardening. When the specification of an ideal substance was first considered it seemed unlikely that all the conditions could be satisfied in practice and some would seem to be theoretically incompatible. For example, a substance which is freely porous and wettable is more likely to undergo chemical weakening than one which is water repellent, and it is probable that some compromise might have to be accepted.
It was with these properties in mind that we started using P.V.A. sponge following work by Grindlay and Waugh (1951) , and Re Mine and Grindlay (1954), who used it as a bile duct support, and Shumway et al. (1955) of Minneapolis who described its use for artery replacement. The material is widely used commercially for making industrial and domestic sponges. It is a long-chain polymer made by treating a foam of polyvinyl alcohol with formaldehyde. It is manufacturedin this country as Prosthex (Ramer Chemical Co.) and in America as Ivalon (Clay Adams). Prosthex is slightly more dense than Ivalon and has a more uniform texture.
[A film was then shown demonstrating the making of an arterial tube. Wet strips of the sponge were wound tightly around a metal former and further compressed by bandaging. The compressed sponge was then boiled for twenty minutes and was then ready for use after removing the bandage. Various types of jigs were shown for the preparation of peripheral vessels, large arteries and aortic bifurcations.] P.V.A. sponge has been shown by Grindlay and other workers (Hurst et al., 1951) to be non-toxic, and the most interesting feature of its use in different situations is the ease with which it becomes incorporated into the neighbouring tissues. Tissue fluid rapidly seeps into its interstices which are soon invaded by fibroblasts. There seems to be little tendency for it to become encapsulated as happens with most other foreign materials. Besides being of obvious mechanical advantage and considerably reducing the danger of infection this may also, theoretically at least, reduce the chances of late thrombosis (Egdahl et al., 1955) .
The first case in which we used this method was a man of 86 who had a large abdominal aneurysm which was causing him very great pain and appeared to be expanding and in danger of rupture. It was thought justifiable to use this material as he had, to say the least, a limited expectation of life and it was thought the ease of suturing the aortic prosthesis might facilitate the operation in this old man. A large aneurysm involving the aortic bifurcation was resected and replaced with a prosthesis of P.V.A. He recovered from the immediate effects of the operation but died -two weeks later from a cerebral thrombosis. At post-mortem the fascinating finding was the way in which the overlying peritoneum had in many places become firmly adherent to the graft which appeared to be welded with normal tissue. The inside of the implant was covered with a smooth layer of fibrin and platelets similar to the layer which coats other types of implant.
Since then we have used this material in 11 cases with satisfactory results in all except one of the first aortic prostheses in which an inadequate amount of material was used. This was recognized at operation and the bulge was wrapped with further layers of material.
An operative infection occurred-the layer became separated and rupture followed.
I should like to describe briefly two of these cases.
Case L.-Woman, aged 50, had severe radiation necrosis of all the tissues in her right iliac fossa and the right groin following X-ray treatment of a pelvic carcinoma. Her right common iliac artery had recently thrombosed. This was excised and replaced with a polyvinyl alcohol implant which functioned well.
Case II.-Man, aged 35. He presented with a mycotic aneurysm of the right femoral artery secondary to a possible staphylococcal septicemia. The aneurysm was resected and replaced with a homograft. Three weeks later he had a secondary hemorrhage necessitating ligation of the external iliac. He then developed a mycotic aneurysm at the site of ligation. Fig. 1 is an aortogram showing the aneurysm at the iliac bifurcation. This rapidly enlarged paralysing his femoral nerve. It was resected. An attempt was made to restore continuity between the common iliac and femoral but this was impossible as his femoral was thrombosed low down in the thigh. A polyvinyl implant was therefore used to restore continuity between common and internal iliacs. We have used fabric cloth prostheses since November 1954, during which time nineteen aortic implants were performed, two being straight aortic tubes and seventeen being aortic bifurcations, but we have found P.V.A. sponge more satisfactory as it is easier to suture, being seamless. It has a certain amount of stretch which makes it easier to overcome a disparity of lumen. It is much less liable to kink than cloth and can be made non-kinkable by reinforcing its wall at the flexion points so that it may be carried across the inguinal ligament. The smaller vessels made of sponge feel and handle astonishingly like normal artery and we feel that it is possible to obtain a much more accurate anastomosis of this material to small vessels than with a cloth prosthesis. Their resilience prevents any wrinkling at the suture line even with a fair degree of disparity of size.
The big unsolved problem of all these materials, however, is their long-term behaviour in the body. Moretz (1955) has found a 50% reduction in the tensile strength of nylon and Orlon after being buried in the abdominal wall of dogs for several months, and a less marked weakening of Vinyon and terylene (Dacron). This is presumably due to chemical changes and takes no account of the mechanical effect of the continuous strain of the diastolic pressure and the repeated deformation due to the pulse pressure. Deterling (1955a, b) has reported weakening and rupture of experimental P.V.A. grafts but these were prepared by a different method. It is interesting to note that Schofield et al. (1954) have reported an increase in the tensile strength of P.V.A. sponge after implantation due to the invasion of fibrous tissue. All these materials may need to be re-evaluated when these effects are fully known. We are at present conducting experiments in which we are endeavouring to speed up both the chemical changes and the mechanical strains so that we may be able to life test these materials in a few months.
Both P.V.A. sponge and fabric cloth satisfy many of the properties described earlier, e.g. not producing allergy, minimum tissue reaction, non-carcinogenic, &c., but they differ in certain points (Table I) . It should be emphasized that nearly all these plastics, although given a seemingly unique chemical name, may vary in their composition and it is most important whatever material is used that uniformity of preparation should be guaranteed by the manufacturers.
We feel therefore that P.V.A. sponge is at present more satisfactory, at least in its immediate properties, but a final decision will rest upon further experience and durability experiments. If this sponge should not be ideal in this respect there are many possible ways in which it may be reinforced-for example, by a nylon net (Deterling, 1955a) or by bonding with cloth or fibre.
